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NOTICE: When govermment or other (drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S. \
Government thereby incurs no responsibility, \nor any
obligation vhatsoever; and the fact that the ‘Govern-
ment may have formulated, furnished, or in eny way
supplied the said drawings, specifications, or other -
data i1s not to be regarded by implication or other-
wvige as in any manner licensing the holder or any .
other person or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in a.ny way be related
thereto. \
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Attontioms Chief, Muniticns Division
Gontlemen:

Transgmletad-torowith are eix copies of a summary report on our
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Summary Repori on licrk Porformd in thowrori.u vuly 1, 1246,

to March 31, 108, under Contract Vi=18-035-Cii5=13510
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White phosphort~ Lilllvg:e in munitiona hnve ocnmildorable tactical o
uge ns o means of providing scroening mmokes a’s eny point within the ranpe
of the weapons emoloyad. Vhite phosphorus aloie is not a eatisfactory
filling, however, becaunt it bume 5> roapidly that ruch o the amoke is
vasted in forming a pillir whon the rmunition i1 bLurst. Farthermors, the
phosphorus may melt unde: oondi‘lona encounterid in storares or even in
sorvice undor desert con’itions, with resultens bellistic instability of
the munition, Work under tho niogsent contrmot was undortikon wi“h the
objeatlive of devolopin; 1hosphorus {illings fo* munitiors tlat would pro=
duce sscreoning smokss wi . litbie pillaring anl that wouvll romain
halliastically atable on »rolecnped storagn at tonporaturce ateve +he
melting point of whita pl.osphoras. ”

During tho period cevired by this coitract, tle Chemlcal Corps
Toohniecal Cormand itcel:’ has studlied Lillings sorprisinr tramlated white -
phosphorug and gels of r hibar I cerktain orgen.o solvents. Thia type of
filllng\ﬁtnnat invasuipr ad by TVA,

P oxperirontio m =od ficatlon of th> physical sroporties of the . ..~
phoeskorus fillings,oa proed =3 was dovelopsd for converzion of white pheaf
pherte to red phespharus in th- runition lteel’. The roealiant messive red
phos: £11ling is vory stad.e ballisticallls, but it imitos and burna
nomewhat less rapidly % is dosireble. | \

(Most of tho worl- dona WM;ML—@;\L&» s c¢oncernnd mixtures
of granulatod white phasshofms :nd fluid binde:s which rat Lo solid masses. at
room temporature. Attom 4s to wepare suitabl) tinders from laboratory o
ro. . ;»nts were unsuccessn l, but sovoral ccmeraal proivee nppeared to be o
satlsfactory. A method <l prolucing white o sreemlas off suitable
partiolo slze wvme dovddo d in “ho oocurse of tio work.

B
N A N

__ “The-exporiment: 1 fillings were charpyd into M5 grenades for pre=
limiaery tests. Tho por.~rmeanco of the fillints was ovaluatod ia firing tests
under simulatod service - .wnditions. A thormel stebility test wns developed
and 1used to monauro the ¢ “feet L storaps at hirh tompsraiures on tho
ballistio stebility of %'o fillinga.___

Sevoral 4.2 0°0 sholls ware charged w.th each of tin most promising
oxporimontal {lllinsa no wore sent to the Army Chomlenl Jenter for ntorape

and firing toatas.
b
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PHCS” LORUS FUOLLINGS POt MR LIS

Sumary Report on ¥Wyet Perfeormad in the ;31':1":‘. N1, 100G
okl \ S A NP 15T )

to Maroh 31, 19h!, under Centract 1=18~075-C15-1718

The preosent rep rt is a surmary of th& vork porformed by TVA under
Contract W~18-035-CViS=131° on tho dovolopmont c¢f\phosphorus £illings for
munitiona. The dotuils o™ tho worx< have besen raported in\seven quartorly
progross reporto. . \\

The work by TVA on'phosphorus f1llings developsd elong two major
lines. Attempts to alter the physical propertiss of whito phosphorus i3
resulted in further devsloment of a lknown method for conversion of white [
phosphorus to massive rod phosphorus in the munition itself. In the other a
line of a h, “scarch “or binders for grenulated white phosphotus that o
would solidify to form solid mnsses, simllar tc¢ ocement mortar, with the -
phosphorus granules resul:od in the use of soworal coamorcially svailable
cexcoting materials to form apparontly satisfactory fillings.

The M15 gronado corved as a tost runition for cvaluation of the
experimental fillings. Firing tosts, with M5ALD fuzes as burstors, indioated
the tondencies of the fillings to form plllars or to produce screening smoke.
thermal stability test wa:; devised to measure tho effect of storapge under
desert conditions, In this teat the conter of gravity of a rmmition charged
wiEh the experimentul f*]ling vms dotormined boloro and after storage at
65° ¢c.

Several L;.2 Cl! shollr wore charped with oach of the exporimental
fillings that appearsd to bo precaising and were gont to the Army Chemioal
Coenter for further test., The fiilings were macsivo red phosphorus and
mixtures—ef=crinulated white phosphorus with binders of (1) plaster of paris,

“(2) plaster of paris sot 'rith an emulsion of w‘ito phiosphorus in aquoous
polyvinyl aleohol, (3) Di-alon easting rosin, {4) Thiokol LP-2 ourod with
furfural and formic acid, and (5) binder 4 modi{;od vith mercaptosthanol,

AN

'

FILLINGS CCNTAINING GRANULATED WHITE PHOSPIIORUS

Granulated whit» phosphorus may be prspared by vigorous aglitation
end cooling of a mixturo :f molton phosphorus ond warm water. The granules
produced by this method a-e quitez small, 50 to B0 mosh, and very irregular in
shape. Furthermore, the o>rolonged intimate contact betwoen molten phosphorus
and warm wator undoubtedly results in tho formation of an appreociable amount
of lower oxides of phosphorus vhich, in additicn to the small aize and
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- Moreover, this typo of pranmilnted phoupherasilneks the dlotrlbutlon of

e

irrogular shepe of Lthe pari-clez, makes tle produce aifficult to devmter, ST
Although tho bindors uzed lu VA exporimentsl) {illings are not affooted
adversely by the presence o small guaniities of wator, the relatively large =
anount s of water that veuld remaln in superfleinlly dowatered granulated
phoaphesere-propared by the npgitaticn mothod prohably would be undesirable,

partiole sizes that ia rejuirwd Jor productiqm of a mass ¢ phoaphorus with
a high apparent donsity; tl: volds in a mess ot stirror-pranulatad phosphorus
osoupy about 50 por coal ov the Lotal volume, Whoreas conyrteln mixtures of
larper granulos oontoin nrbeaab 57 -or eent voids,

!

Granulanted phosptorus roro suitablo for filling: of tho type
invertigated by TVA was pruiuc«l in n jot gramilator that vme dascribed in
detail in the progrnes rcvect covoring the periled July ) to September 30,
1947. Uolten white phosphcrus is run through n orifice irto tho top of a
columm of water that 1z bheaod atove the molting point of phoaphorus in the
upper portion and coolod brlaw that melting point in the lower portion. The
streamn of molten phosplerus issving frem tho orifing broale inte drops that
solidify during pepasoge through tha cold portion of the weter column; seeding
of this portion of tho cclum with colloidal wihite phosphcrus prevents super= . .
cooling of the drops of ghurphorvs.

The granules proiicod bty this mothod nro approxirately cphoriocal o
and very in size from i ra:h to about £0 moch. The particle size of the ;
granules may be controlled o soro extent within these lizits bty variation !
of the size of the oritico rnd of tho temporature In varicus parts of the
system,

Orifices lerzor timn . .0 rm. permit flow too rarid for the formation
of separatn drops, ard orif ces snaller Lhan 0.0 mm. reduce the flow, in a ;
gravity system, below n practicakle rate, Tho size of tha pranules is
roughly proportianal tc the sizo of the orifios, and the screen analysis of
the product may be wvarind, rithin linits, by tho simultanoous use of soveral
orificea of different :izaa.

Inoreace ir. terperature of the phosphorus supplied to the orifioce
and inecrease in tempereture of thy vmter in tho top of the colum both tend
to decreane somewhat tro n..+iclo size of tho phospliorus pgranulzs. The
hipghest practicable tompornure cf tiw nolien pﬁpsphctua %8 aboat B80° C.
Tho temperature of tke molt«n pheaphorus or of the wator In the Gop of the
ocolumn must not be permitter to fall below avout 50° C. or\tho phosphorus
issuing from the orifice wi.l solldify in strings. \
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Granules larror :han Iy mesh proved undosimblo in the exporimontnl
fillings; satisfactory grinules were separated into minus L= plus 8-mogh and
minus B8-nesh fractlous. Mixtures of these two fractioms, oon‘-aining betwaen
20 and 60 por cont of tho Tiner fraotion, had about 37 per cert voids, which
is olons to the minimum olitainable with crwﬂulcc preparod by the Jet method,
and any mixture of tho tw: s'ros botwson those limits will approach the
maximum emount c¢f phosphorus por unit of volure of & given £illing. Mixtures
oontaining iarper proportions of the finor fraction\usually pive bLettor per=
formance in grenade firin; tests than mixtures contalring larger proportions
of the coarser fraotion.

Granulated phosnhorus {or preparation of tl'to £11linge dosoribed in
the filling dirooctives in this roport should he dewatered, suitably by draining
on a bax filter in an ineri atmosphere. A ourront of\lnert gas, passed downmvard
through the mass of granulca, will hasten ‘the deowatoring and will dry tho phose
phorus sufficiently for u:n with any of tho birders aomsidered.| In these
dirsctives it is assummd +hat tho granules will all ba Lotwesn h\o.nd 20 mesh
and that the mnss of grnnnles will contain about 37 por cent voids,

Unsatisfactory Binders

y

Tomon 0" the proporties desirod in phosphorus £illings for
mnitions suggested that :atisfactory fillings ight be made bty embedding
granulated phosphorus in r solid binder, A suita%ﬁo binder weuld be requiroed
to mix readily with tie ¢ nulatsd phosphorus and to set to n nolid ot a ;
tomporebure bolow LL® C., che meltins~ point of white photphorua. In additlion,
after curing, the binder rust withstead temperasuros up to 65° C. without
ocracking or disintegratin:;, and this property should be retnined on apging,
Y¥any of tho experimental inders failed to mwet these roquirements. Others
gave poor porformanocs in :iring toats or failed to retain the phosphorus in
thermal stability testa.” Ths followinpg binders wore fourd to be unsatis~
faotory in some reapsct.

"ortlapd Comsnt- A thin paste of por:land cemont mixed roadily
with granuilated phosphorun, but ithe "froe lime” in the ocemsnt roaoted with
the phosphorus to produse phosphino, which not »ly vias e source of canger to
the operator _bwe=adsov inh' bited tho nret of the nement, with the result that

* the -binder remained soft rnd rmahy, rathor than sott ing to a hard mass,

Laboratory Prop:.~aticui of Plastics: KNumdvous conbirnetions of
urea, phenol, furfural, lformaldehydo, and othor aldoh dos oan bo set in the
cold by the addition of m:ll poroontnros of noid or othor responss, Come
binaticnn of uroa with formmldehyde or furfural and of furfural with formal-
deshyde, benzaldehyde, ase’aldahyde, phenol, or sulfurio ccid all gavo solid
products at room temperatic-e, but were unsatisfactory boecauss they oracked
on aging or disintegratad ~+hen hiated.
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Thiokol: Varlous thiol:ods, which are rubbery solids, ean be pre-
parod from codium polysulfide anc ethylene dichloride. ittonpls to inoor-
porate pranulated phosphorus in « thiokel bindor wore unsnocossful., The
mothed that appeurod most Hromising ontallod forming a latex which could be
ocoapgulated with acid. Whern atterpts wore made to coapulate the latex, in
place, around the granules of phosphorus, however, the "rubbor" did not
enolose the granules.

Comiorclal Binders: Theo field of laboratory preparations of plastie
binders was not explcered thoroupghly. The primeary objoct of this pheao of the
work wes to find a bindor tnat could be fermod in place ercund the granulated
phosphorus. Tho rosults jndicreicd that bindars fermed fronm laboratory

.repgrents W5TO ROt sulfioic ~tly durabla. Sinco o proat anount of work hes

boen done cormeroially in the dsveleonmont of plusgioa, ard since many resins
able tc attompt further
oxporimontal dovelopiront ¢f a plustis bincder,

The proportios r:quirac in a dbirder for granuvietod phosphorus
eliminated from considsratlon el} thermoplastic resins erd thosze thermosetting
reains which require a ter-orature higher thean Ll C. in netting. This left
for oonaldoration tho no-celled cnsting rosins. In ordirvary prectico, rany
of these resine aro not by noder-to Lwat; cthers attain initiel sot at room
tenperaturo and subgequently ars curod by baking. Some thet ordinarily are
sot by heat may bo ast in ¢ coid by inscrporatlion of 2 largor proportion
of agcolerator, nlthouph U ° poteriinl atrongbh of tho rcuin 1s not atteined
fully whon tho baldug syels is onittod. Lcveral comorical resinsg wore
investipatad, the choico t-ing lim tod to those that were claimed to set at
room temperaturec.

Palestio, apparc:tly a condensation nroduct of urea und formaldehyde,
is marketed as an improgne~t for plaster of paris. The rosin set readily to
& hord solid at roum tomperature but eracked ou eping. Friston and Marco
caoting rosing, both eppor.oatly cllyl eaters, could not to cot catisfactorily
at room tenaporaturev., Furclong, ¢ furano resin, set In tls cold to a rubbery
solid, b phosphoruo inhi.iteC {ho sot sc that the complaoto filling did not
oure boyuad the viecous livaid sta-e.

Most of tho castiag roeins ca tho market ere plenol-formaldehyde
condensation produotc Jnc:: conmwrcially ns phonolies. Samples of this type
of resin, marketed undor 1 » trade nanes Lurogz, Pakor, Cetcbond, Marblette,
Synveren, and Syncast, all with culto similar propdrties, woro tentod as
binders in tho proparetior of phosshorus filitngs, \The fillinge had fair
thormal stablillty, but they porformed ratlisr poorly in rronade firing tests.
Phenolic rosins are roelntivsly ivexpensive, howvever, and it is supggested
that any further work on flllinge of the typo invost?.gatod by TVA include
at loast enouph tosts to evnluste the parformance offphonolio rosine-
phosphorus fillings 4n ruritiorns larger than the mS\,rcnado. ,

X ,
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Satisfaotory Bindors

Of the ceveral binders investipgated, five formed £illings that
were gufficiontly pramising; to warrant further tosts in larger munitioms.
Fillings propared with each of theso binders vore charged into 4.2 CM
shellas end sent to the Army Chomleal Conter !'or storage and firing teota,

Plastio Binders: Duralon 30, i‘urane—-base casting resin, sets
. to a solid at room temperature whon actinted with socolerators supplied
by the manufacturer. Flllings preparod with thls binder had satisfaotory
thermal stadility, snd the porforurzce in grenade {firing tests was
gonerally bettor than that of fillings in which phenolic casting resins
ware used as the bindsr.

‘\

Thiokol LP~2 ig tesoribod by tho menufagturer as "a low molocular
polysulfide polymor having reactive morcaptan torninals and side groups
oapable of furtler polymorization and cross-linkags.” This liquid polymer
sets roadily to a rubbery usolid at roan tomperature om addition of furfural
and formio asid. The addition of a "ehain steppor," such £s moroaptoethanol,
dooreases the oxtent of velymrization and vields s( cursd product whioh is

a softer, more flexibdle rubsber. Fillings prepared \with these binders had
satisfactory thermal stability aad perform\ed vell 1&\ gronede firing tests.

Plastor of Pari:z Binddrs: Plastor of paris has the\marked advantage -
of being Loth cheap and rondily ivailable in large quantity. 1ts proporty of
sotting to a mrd smos whea mixmd with vnter is well kmom, arnd both plaster
and water are subctantinll~ imsrt Lo whits phosphcrus usder thn conditions
usually oncountered in the prevnarn*ion and storage of phosphorus fillings,
Plastor-water mixtures formod a ver;” satisfactory filling with granulated
Ph°3ph°w1unr vns stable on storage under dosort conditions, and
the performance of the filling la gronade firing tosis mnorally vwas ;;ood
although some erratioc rosultc were obtaired. \

Several organic compourds of high mcleocular wolght rotard the sot
of plaster of parias, pol; n inyl aleohol boing en oxemple, Polyvinyl aleohol
is & str ag emuleifying a-at as well, and aqueous eolutlons of the aleohel
have been used in tho PX’Oy ratioca of emulalions of white phosphorus in wubter,
Plaster of paris oan de seh with & 50 per cent smulsion of phosphorus in a L
per cent solution of polyvinyl alcohol, and this plaster mixture has been
used as a binder for granulated phcaphoma. Tho porformanco of the fillings
in grenade flring tests wes cousistently excellont, but ths thermal stability
of the fillings was not ac goole The poor thermal stability appeared to be
due to the osclusion of gna “whon the plaster, ermlsion, and granulated
phosphorus were mixed. Gas pook:ts apparontly were form:d when the plaster
dehydroted the emulsion In the process of sotting. The donsity of this
filling erld be inoroaied, ard the thermel stability improved,

+ . by mixing the ingredionts :wder 2 oreotly reduced t easure of an-inert (ns.

\

N
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“#GSIVE RED PHOSPUORUS

thite phocphoru: ignites roadily and Lurns rapidly :‘n air, vrheranl
red phosphorus is igmited with more difficuliy 2nd Wurns rolatively slowly. o
Tho optimum characterictios for producin{; scroening smoko lio between these.
two exuremss and, presuma)ly, would be obtained hy uce of mixtures of the
two forma of phosphorus. ‘allictic atability nlro would be oltained by the
uge of such mixtures, for .iixturos conmtalning more than 50 per cent red |k
phosphorus buhave as zoli!s at all temperatures bolow 593° C., the melting
point of red phosphorus. ‘ o

VWhite phosphorus; ls convertsd to red phosphorus when heated at
£80° C., the boiling poin: of white phosphorus, at atmospheric pressure
vnder & reflux condensor 1t an incrl atnospher9s, Under these corditions
a mixturoe oi‘ substantiall s equal parts, by wolput, of tho two forms 1is
produced In L to 6 heara.  Tho mixture is a thisk slurry of solid red phoss:
phox'us in ltquid white phipherus, fluild at tor orabures wbove the molting
point of white phosvhoras. Ul'thO" suffictortly fluid Lo be charged into

30 would be £ .1id at temparaturos eacountored jn vtorage under
desert conditionas, hewdve:, and sunitions filled with such mi:tures would
not be atable ballistieal .v. !dxtures tha* corcained osncugh rod phosphorus
to bo stable ballisticall:r would bo a solid mass at all tenpesatures below
593° C., ond could L:> trn :forred frem ono \c&@tainer to another cnly with
diffionlty. - :

, 1
One way around :i= dilemma is to prepare tho nixturo of red and
white phosphorus directly in tie munition, an cperntion thet could be per=-
formed rrith relative simplicity by charrhg the muniticn, burctor well in
place, with a fluid mixtu-> bof rod ani white phoasphorus th rou;,h an aporture,
proferably in the beer of “he muniticn, to which a roflux concenser could '
bs attached. Hoating of .:e chargze to tho btolling point of white phoaphorus
under an inort gas eb, or slightly above, atmoasrhorle prossure weuld produce
a mixture of rod and whit phosphorus that woull bo ballistioclly stable
af or storazo under sny c::ditions that would b encountorad in the field.
Tho operation would roqui 2 a considerabdle timo of troatmsnt ‘or each
runition, hovever, ond th~ medificaticn of the nunitioen o permit use of tho
roflux oondenssar probably -rould 1dd mtorwlly 50 tho expense of fabrioation,

A3

The rate of conv- rsicn of white to rel phosphorus increases »
rapidly with increaco in :.mporature. In tho rethod of conversicn describad
above, the tempeornturce ob .‘».imblo is limited to the holling peint of white |
phosphorus under tho impo: i pressirs, Attompts to carry out the conversion
in soaled containers were -ucossifal, but tho larpge amowrt of hoat ponerated :

| )
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in the exothormic convernium carricd the convernion subrtantially to com= " b
pletion. The conversion was initioted at tomperaturos as lov as 2,0° C., )
but quenching the container fanlled to etop the renction short of wirtual
oamplotion; maximum tomroraturos as high as 560° C. and proessures of
about 600 pounds por square inea wore dovolopod by tho reaction,

Tho product vme massive red phosphorus cdntaining about 1 per oent
white phosphorus. It was uraffoctoed by expocure to temporatures higher
than thoge sposified in Lhermal stability tosts and may be aasumod to be
ballistlonlly ntable. In pronado firing teoots, masaive rod phosphorua
appeared to ipnite compleicly on oxplesion of the bursting charpge. The
fragments of the filling burncd rather slowly, but were not extinguished
whon thrown into about 2 inchos of molting snow overlying a ocinder fill.

Sulfur hao boor used successfully es a catalyst for tho convorsion,
both when the oporation was car:ied out at atmosphorfc pressure and when it
wns carried ou: In sonlod munitions. Tho sulfur is most conveniently added
to the initial chargn In tuo form of tle 80-20 phicaphorus~sulfur liquid
outeotlic; 1 por oont of ilfur in tho final mixture gives very satlafaotory
results. [ : :

erreo g e+ i e e e = e < )

Convorsion in :ocled cortainers wasg effeotod in both M15 grenades
and M2A ;.2 CM shells. 1%t wao necossary to hold the barstor well in the
sholl in place with a plv; that screwod into the adapter and bore upom the
top of the burster woll. Both mmitlions wore assombled with silver solder
(Clmes L4, m, p. 627° C.). Tho solder wns softoned sufficiently by the heat
gonerated in the conversion t: rozult in fallure of the munition under the
impoeod internal prossuro unlcss tho rmunition was quonchod in water soon ,
after initimtian of the rapid convorsion rcastien. The quenching spparently
cooled the soldered Joinls without sigrileant &ffoot on the conversion
renction, . .

i
'
]
i
i
b
i
i

¥White phosnphorus has a much hiphor thermal cooffé.ciont of
oxpansion than steol. GCloseéd o060l contrlnors _charged vwith more than
abe ; 1,55 grams of whitc phozphorus por cubtic centimoter will bhe burst
by oxpansian of tha liquid whits phosphorus bafore init ntion of tho
ocuversion reactiom. '
/ .

LVALUATION OF FILLINGS
A

N
\

For satisfactory porformance in the field, a phosphorus illing
mst produce a porsistont scrcening cmoke with minimun loss of smol» in
the formation of a pillar, and must rema’n ballistically stable on storage
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of the rmunition in any position undor any oomditieons that may be enoountered,
evon in desort areas. Thy 4.2 CU sholl is the standard test mmitiam for
phosphorus fillings, and Losts of the performance \of phosphorus fillings in
thia munition aro designel for simultaneous evaluation of both requieitos.

Work or phosphorus fillings at TVA was a rolatively small
soale, and the M15 grenad:v was selected as tho prelliminary test muniticn,
both to oomsorve material and to permit firing tests in the limited space
available for suoh tests at Wilson Dam. Since tho M15 gromade 1s not
fired from a rifled woapcn, it was impractical to determins the ballistio
stabilitios of phosphorus fillirgs directly in this munition; \instoad it
was necessary to devise a static tost that would yleld data from whioh
the ballistio stability miszht bo estimated. .

Firing Tests ‘\

mets of experimental fillings ia M15 prorades, burst
with MOALD fuzes, were male to soloct those fillings that might be
expeoted to psrform woll in 4.2 CM ghells. Lxtrapolation of performancs
in grenades to performancs in shells was not possible, for it was observed
that FWP, which performs woll in sholls, performel very poorly in grenades,
The tendenoy of the amoln to piller vhon the runi¢ion is burst, and the
ability of the soatterod {illing to produce snoke at & rate sufficiently
high to malntain a sorcen appeared to be adequate basis for evaluation of
performance of o filling. These critoria were usod in the selection of
experimental fillinge for further tosts in larger mmitions.

Thermal Stability Tests

In evalustion cf tho thermal stability of tho oxperimental
fillings, ;ﬁ_wa&im of the center of gravity of a filled grenade, both

» ..along the longitudinal oxi3s and laterallv from that axis, was detormined

before and after hoating che filled gronaie for § hours at 65° C. while
lying on its side, with subsequont cooling in the ‘eame position., The
shift in oonter of gravity of tho entire grenads, o\r\ of tho £illing alcno,
is a measure of tho thernal iratability of tho fillinp and can be used
to estimate tho ballistic atability of any munition containing the same
filling. The shift in tho center of pgravity can te usod nlso to evaluate
the ability of the binder to retaln nolten phosphorus and to estimate

the tendenoy of the phosphorus remaining in the binder sponge to settle
under the influence of gravity,
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Plaster of peris fillingy in MI5 grenados oonsistently retainad
at least 98 por oont of t:v phessharus in the body of the £illing, but
the phoaphorus remaining ‘n tho £1lling tonded to settle to tho lowor
pertion of the body of th: filling. The olange in the porition of the
conter of gravity of the :mnitica was small, howevar, and plaster of
paris fillings probebly w:ll ronain bollistionlly stable under desert

atomw:t/t;\_pnu .

Fillings in whi-h tho binder wms pleadter of paris sot with an
emulsion of white phosphorus in aquoous polyvinyl alechol ocontaired large
gas pockets. Those pocln s not only decrsncad tho effaciivo atrongth of
the bindor, but also porm'.tted ralativoly largo movemort: of phosphorus
through and out of the bYoiy of tho filling‘in thermal stability tests.
Unless sore method is dav.sed for ¢lirminating the goe pozkets from this
filling, the ballistic stibility of the £11linpg aftor storago umdar
desart conditions probabl: will be unsatisfaoctory.

Fillings in whi'h Duralon or Thiokol LP-2 waers usged as binder
lost an aveorage of abous ; per cont of the total phesphorus in 8-hour
themmal stability tests. This 4in “he anoant of phosphoris thet is cal-
culated to be displaced bcauss of the difforonce in the ‘coefficients of
expansion of whito phosphirue ani the binders, Rezultans shifts of the
oontor of gravity of rmuni'ioms oontuining thoza £illings were slipght,
however, and these £illin:. probably will prove to bo stable ballistionlly,

Firing tests of fillings “hat had been subJectad to thermal
stability tests showsd no iifferecrce in porformanca froam £illin-s that
hed not been leated,

FILLIN? DIRNCTIVES

The experimentai phosphorus fillings d voloped by TVA fall in%o
three clessesa: mixturss - pgranilazed white phospliorus irith thermosetting
resins that set at room t rperatiro to form solid Imeges, migtures of
granulated white phosphor:s with plaster of paris and wator that also set
to form solid masses, and rmassivay red rhosphorus prepared by thermal ocone
verslon of white phosphor's in the runition. The keveora: fillings in enoh
of the first two classes lnhavu very ruch alilm, cid & mothod devieod for
tho preparation and oharging of omw £filling into e.\?uniti.on is suitable for
any other filling in the rume class., - \

\
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. OperatTons could be obsorved and coatrolled from outside tho- chamber,

»

TVA-experiméntal fillinge.

~10-

Work at TVA wna confined to laboratory-scale oporation, and the
f£illing for each munition was compounded in a seporate batch. All mixing,
with tho exception of tho preparation of the omulsion of white phosphorus
in aquoous polyvinyl aloohol, wns done by hand, and all £illings were
charged into the mmitions by rodding through a funnel. The opsrations .
are all simple, however, and could bo carried out on a larger scale in .
standard mixing equipment and in fairly cimple devices desipgned to charge
the freshly mixed filling into the zmmiti on,

The £illings comprising granulated hosphoruo and ths various
btinders probably will sot as rapidly in a mixpr as in any other ocontainor,
Henoe, it will be nocessery to cloan the oquipment usod to propare and
handle these fillings at intorwals no langor than the period for whioh
the binder remains workable. The maximum timo thet should be permitted
to olapse between sucoosrive cleanings of the iqupmam: is suggested for
each binder.

¥White phosphorus is e hegardous materinl, and its woll-known
property of spontansous ipnition on exposuro to air neccssitates ogertain
precautions, Dry solid j-hosphcrus may be handled safely an inert
atmosphore, preforably carbon dloxide, and accidental fires are extin-
guished readily by flooding with cold water. Provision for handling
dewatorod -phosphorus and its mis:tures in an inort atmonrhere, and for
flooding affectod ojulpment with cold water in tho evont of a fire, are
sufficient to unsure safo opera<tion in tho preparation end handling of

The phoasphorus probably will bo gx\mulc.tod uncor water, and
most of the verious binders may bo sompounded in the air. Othor operatioms,
such as dewatering of the gramilated phocpheorus, propareiion of phosphorus-
water-polyvinyl alcohol e¢rmlsions, mizing of the granuleted phosshorue
with the binder, and cherping of the filling into the munition, should
bo carried out in an inert atmosphore, exceptions boing that Duralon and
Thiokol fillings probably can bo charged in air.

It 1o recorrnoncoed that oparations in an inert atmosphere
(oarbon dioxide) be carriod out in a chamber sufficlently large to omm-
tain the equiprent for all the operations. Tho chamber should be gastight
around the dottom and sides and should be fitted with nccessary observatiom
windows und a loose-~fitting scctimmal covor. A contimious slow stream of
carbon dioglde should be introduced mear tho bottum of the ohamber,

preforavly fron the top, MNinor maintenance, ropsir, or inspootion work
could be perfamed by an operator supplicd wit%eir for breathing from
appropriate equipmant; {1 usual safoty procau’ 0.8 whon workors enter
inert atmospheres should te obaorvoed.
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Fillinpga Containing Plastio Bincers \

\

Tho quantities of filiing specified in thoso dircotives are
based on tho assumption that orcoh batich of filllng will bo larpgo enough
to £i11 ten 4.2 CM shollc. Tho speoificntions are given by weight; the
binder for eaoh 10~chall batch will have & volume of about 7.5 liters
(2 gallons) and the £illing will have & volumo of about 20 litors
(> gallons). Tho compositions of the plastic binders ars as follows:

Duralon (resii. manufectured dbv U. S. Stomeware Co,)

~

Aotivator F 0.63 k. 1.39 1b,
Aotivator GO 0.26 kg 0.57 1b,

Thiokol LP-2 (licuid polymer mmufa&xred by Thickol Corp.)

Thiokol LP-2 772 kgo. 17.C5 1b,
Furfural 1.54 kg. 3.1,0 1b,

Formic acld 0.31 Xg. 0.68 1b.

Thiokol 17~2 modified with marcaptoethanol

Thiokol LP-2 7.66 kg 16.90 b,
Furfural 1.52 kg. 3.35 1b.
Formic acid 0.31 kg. 0.68 1b,
Beta-mercaptcathanol 0.03 kr;e 0.18 b,

Frepere tho biniers imncdiately before uso. Mix the component s
of each binder in the ord~r in which they are listnd above, and after each
addition blend the mixtur:» thorcupghly to form & homogensous liquid., Both

. Duralon and Thiokol LP-2 =re thiok, visecous liquids with about the com~

sistency of heavy molasces. Tho othor oomponents of tho bindors are thin
liquids and may be proporiiomed by volum as roadily as by weight.

Tho working 1if» of activated Duralon and of the Thiokel LP-2
bindors is about 2} hours, but cll three binders bacome quite thick and
stioky in about 3 hours. It is sugpested that the equipment used to handle
those binders and fillinra eortaining thom be pleauned ecvary 2 or 3 hourd,
Equipment coated with Durtlon sen be olsaned wi“th alcohol, and that coated
with Thiokol LP-2 binders can he cloanod with

\\

rfaral.

y
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Mixine of Filllnps For each 10-gsholl buteh, thecouphly mix
22.05 kg. (48.6 1b.) of v evatered pranulated phosphorus with 9.66 kg.
(21.3 1b.) of Duralon birder or with 9.57 kge (21.1 1b.) of oithor of
the Thiokol LP-2 bindors., Any nixor that ls sultcble for handling a
mixture similar in consistenoy to ono of uncookod rice snd emough heavy
nolasses to fill all tho inerstitinl spncog botwvewn tho risce prains will
o satisfactory. It ie onsentinl, howover, thet the desipgn of the mixer
permit frequent, thoroug: cloaning of all parts that comn in contact with
the filling. ‘ :

Charpging Filline into Munitions: Froshly prepared fillings
comprising granulated white phesphorus and Duralon or Thiokol LP-2 binder
flow slowly under the imi'luenae of pgravity, but with sow sopregation of
the binder from tho phospborus, csuoecially whon tho mixture is forued to

low tRrouph the relatively small orifjod requircd in charping the £illing
into a mundtion through funo buristor-well |soat. AL lona’ the upper part
of the filling probably :hould be stirred conflnuously during the charging
operation, and if provia‘on is mode for such pprtial uritation, these
fillings probably conld 1o exhruded into the mynition.

A sugrectod do: ipn forr o cherging dovice is 2 eylindor, with o
capacity lerge enough to hold a 1C-shell bateh,|that dircharges through
a conlcal seotion teorminsting in u short cyl.’md&:r that rnay be inserted
through tho burster-well neat to extend just ho\:w the bottom of the
seat. Either mechanical or gas pressurs could bs applisdito the £illing
in the large cylindricel portion of tle charging device. XIf ;48 prossure
is used, a blade stirrsr should bo provided to prevent calking of the
£11lling with resultant clnnneling of the fluid binder, +nd subsojuently
the gas, throuph the nnss of pranulated phosphofur. Alithough a stirrer
ray nol; be ossentinl Lf fix prossurs is apolied mechanicnlly, a stirrer
that oxtonds through the piston probebly would improve ihe oporating
charactoristi of “ha dcvieco. Tho charging device shovld be thoroughly
cleanad evory 2 or 5 hous to prevent sticking as the bindnr bepins to
set. S8hells chould bo £:iled on e ccale Lo sneclfied wiizht, 3.17 kg.
for Duralon or 3,16 kg. :'or Thiokol. \\

In the most courvordern: arrsnpminent of cguipmont, the charging
device probably would bs Cilled from within the irert-cimosghere chamber
in which the filling i3 rixed, but would ejset th~ charrn ints the
munition in the open ~ir. Siuen tho £i1linr L3 cnite viznoun, eare munt
ba talon that portiona o' it ero not loft ir tho rdapte: of Lho munition
when the munitien is witldrawn Jrum the charging devien. Wivh these
fillings the burster w2l may be inserted by hand and or3lily pushed dom
until oontast with thn ~cut Lln rado,

N
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The standard chorge (1923 ml.) of these fill\t g8 ina L2 QM
shell is 3.17 kg. (6.99 lb.% of Duralon filling, or 5.12 kg. (6.97 1b.)
of either of the Thiokol.LP-2 fillings. Munitions charged with any of
theso fillings should be allowod to stand upright for ai; least 5, and
preferably 15 days, efter charging to permit comploto set of the binder, .
The extent of set is followed oonveniently by observatiun of a sample
of the filling in & small sorew-top glass semple bottle. '

¢

Fillings Bound with Ordinary Plaster of gnria

Boeocause of the rapid set of ordinery plaster of paris, fillings
bound with it should be rnixed in batches no largor than can be charged
into mmitions within about 15 nminutes aftor the plaster has been wetted.
The plaster bindor ls quite fluid and the filling has a marked tendency
to seygrogate. Hence, it is advisable that the charging device be
designed to handle singlo-sholl batches., The amounts specified in this
directive are based on %tlo assunption that cach tatoh of filling will
£i11 one 4.2 CM shell., The specifications ere given by woight; the
binder for each batch will have a volume of ebout 0.75 liters (0.2 gallon)
and the filling will bave & volume of about 2 litors (0.5 gallon). The
conposition of the binder is as follows:

—_— Plastor of paris 0.565 kg 1,346 1v.
Viater o.s%s kg, 1.5L6 1v.

Prepare the birnder irnosdiately bofuwre use. Ifix tho plaster and
wator thoroughly in any suitablo mixer, probably in tho same mixer that is
to be used to mix the entire filling. Vash the mixer with water after
discharge of each batch. The amount of water specified in tho compoeition
of the binder may be decroased somewhat to allow for water rotained in the
granulated phosphorus thef. is to be added.

l8xing of Filling: To *he 1,130 kg. (2.69 1b.) of plaster-water
mixture, add 2.205 %g. d..85 1b.) of dewatored gronuleted phosphorus. Any
mixer that could bo used to mix coment mortar containing aggrogate no
larger than L-mosh ic zultable. Wwash the mixer with wnter after each
batoh of filling has boor dischnrpged, and return the granulated phosphorus
from the washing cperaticn to the process. 1

Charging Fillir;: into Munition: In contrast to the fillinga
bound with plastios, tio slurry of plastoer and wator does not wet the
particles of granulated phosphorus very 'well, and the froghly mixed
filling has physical properties similar to those of very wet sand. The
mixture oamnot bo poured oasily through a funnol, nor dces it lend itself
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1 roadily to oxtrusion., The most satisfaotory ohisrging device probably
1 would bo a steep-sided funnel oquipped with a pa.d\d].e stirrer to sorape
¥ the sides of the funnel and with a rociprooating rod, exierding through
‘ the axis of the stirrer, to force the filling into the muniticom. The
stem of the funnel should be as large as the burster-well seat will
permit, and should extend just below the burster-well seat in the
mmition. With this filling the burster well often cannot te inserted
by hand farther than about half way into the munition. Any filling
remaining in the adepter after the burster woll is scated may be
removed by flushing with a forceful stroom of water.

The standard charge of this filling in a 4.2 CM shell
(1923 ml.) is 3.3, kg. or 7.57 1b. Hunitions charged with the plaster
£illing should be allowed to stend upright for at least 4 hours, pre~
ferebly 2 hours, to pormi: ccmplote set of tho binder.

Fillinga Bound with Modified Ple.stor of Paris

. Fillings bound with plaster of paris set with an ermlsion of
phosphorus in polyvinyl alcohcl havs a somewhat lcngper period of
workability than fillings in whioh tho binder 1s straipht plaster of
paris awd water. Also, tho orumbly body that rosults from sottinpg of
the emulsion-plaster mixture i3 moro oasily sleanod off oquipmont than
1s the harder plaster. With recpect o the bartially set mixtures,
however, ordinary plaster can be flushed off most|surfaces vith a
gontle stream of water, whoreas tho emulsion of pliosphorus in polyvinyl
aloochol is tenaoclous, and equiprant coated with it\must he scrubbed or
brushed while it is washed to sor.suro thorough cleansing,

In the preparation of emulsion-plaster fib.li.n;;s, tho aqueous
polyvinyl alcohol goluticr must be prepared soverall dayrs in advanoce, the
phosphorus emulsion must be prerarod between 12 and 18 hours bsfore use,
and the actual binder, which includes plaster of paris, must made up
1mmediatoly before use. The birder rmay r? worknble for as long as 1
howr, but the operating rrocedure should be so dezigned thet the filling .
is charged into muniticns withir *30 minutes after the plister has been :
wotted. ' ‘:

et e e P

Preparation of Emulsion: Propare a /i por cent solution of pply-
vinyl nligg—i%xonﬁ" polyvinyl alcohol, type A, modium viscosity,
grade 52-22, a product of E. I. du Pont de Hemours and Co.) in water, , ‘
by stirring the alcchol slowly into cold water uptil it is wetted
3 thoroughly and all lumps are brcken up, High~speed stirring causes -
. foaming nnd should be aveided. Prepare the solution ahcut a woek bofore
1 it 1s to be used, and stir it intermittontly to ensure completo solution
of the aloohol.
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A1l subsequent cperations lovolving l&his matorial must bs per-
formed in an inert atmocpiiors,

Plece equal weijhts of molten phosphorus and [, per cent poly=-

vinyl aloochol solution in a jacketed vessel equi\pped vith a high~speed,
. emulsifying stirrer. Tho temperature of the phogohorus should be 50° C,,

and that of the solution chould bo 60° C. Ths sdlution must not be
hoated above 65° C., but must be warmor than the phosphorub, else the
phosphorus will form the contimious phase of the emulsion booame
warthless for tho presont application. The mixture foems badly when
stirrod and atteins an apparent spocifio sravity ae low as 0.3. Emul-
sifioation is rapid; as soon as the mixture isa uniform, oirculate cold
water through the Jackot and continue stirring until the emalsiol is
oocoled to about 25° C. Thon run the emmlsion into a storage tank to
facilitate elimination of occluded Ges. The emlaion attains a specifio
gravity of about 1.35 in 12 to 18 hours; it should be usod as soon as
practioable after it hae attained a speoifio \gravity of about 1.2, On
prolonged standing, the emulsion, origimlly\; creamy white liquid,
settles into a compact mass of phosphorus under a layor of olear super~
natant 1iquid. Althouph freshly sottled omulsions may bo remixed by
8low stirring, the setiled maes consolidatos in a fow days to a solid
body that cannct be stirrcd bac!: into susponsion. Hoating of tho onge-
» oooled emulsion to tomperntures above tho melting point of white phos=-
¢ phorus results in irmedieto break of the ermlsion.

, Preparation of Fillints Tho emulsion-plastor mixture roadily
ocoludes gas, even on pentie stirring. It is reccmmended that the binder

and the filling be mixed under reduced pressuroc to decreaso the oocclusion
of gns.

——BBE 8~10~shell lLatch, the binder is composed of,
Emulsion | 7.0 kg | 15.14 1b.
Plaster of purlis 2.5 kg. \\ 5.52 1b.

Thoroughly mix thess ingrcdionts and add 20.50 kg (45.22 1v.) of dewatered

granulated phosphorus. }ix the phosphorus with the binder, preferably in
en inert gas at low prossure,

Wash the mixer vith wator at intorvals ro longor than 1 hour,

Charping Filling into Munition: Bocsuse of tre maried tondenoy
of the emIann-pﬁaator 1‘%!15; to ocolude gas, a donsor £illing might be
obtalnod if the munition ia chargoed urder reduced pressure, A {illing

device similar to that supgested for use with plaster of paris fillings
probably would be satisfactory.

b ey e S TSI
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When this filling 12 mixod and charged into minitions under
1 atmosphere of an inort pas, cocolusion . l.» gas lowu.s the apparent
specific gravity of the filling to about 1.5, end the charge of this
£illing in a 4.2 CM shell 48 3.0 kpe (6.6 %.). Vilth no ocoluded gas
the filling should have a speocific gravity of apbout 1.7, and, if this
dersTTY oould be attained, about 3.3 kg. (7.2 1b.) of the filling could
be oharged into ecach shell. a )

\ m
¥unitions char;»d with this 1‘11\\&@ =hould be allowed to stand
upright for 24 hours after charging to periait oomplete cel of the bindor.

' ~

Preparaticn of Massive Red Phosphorus Fillinge

The preparatiocr. of nassive rod phosphorus {illings by conversiom,
in the munition, of a ohcige of white phosphorus entailr severe operating.
conditions. The exothermio conversion reaction (16.0 ii.-cal. por mole of
F,) heats the charge and +he rmnition to a maximum tomperature of about

0* c. (1040° F.), and the vapor pressure ® the phosphorus roaches about
600 pounds per square inch. It is essential that the runition romain gas~
tight under these conditions, which will porsist frem 5 to 30 minutes,

Two alternative methods are proposed for the preparation of
massive red phosphorus fillings, If & muniiion ie available that can ‘
withstand an internal prcssure of 600 pounds per square inch at 560° C.
without leaking, the munition may be passed through a furnsce maintained
at about 325° C. and remcved at any time aftasr the conversion is complete.
1f, howover, the munitiorn is silver soldered, liks the A2A 4.2 CM shell,
it will be neceasary to cuench the munition soon after the conversion
roaction is under way. ) 1

ot

The quenching cooretion can be porformod autoratiocally. The
munitian, suspended in & furncce at 325° C., oan be heected to initiate
oonversian and then drop;2d into a quonching tenk whon the tomperature
in the burster woll of tle munitica exceeds \some predotermined temperature
that 1s at least 25° C. ligher than the tompsrature of the furnace. Tho
quoenching cools the silvcr-soldered joints in the munition, but the
ooolings effoot 18 not cuf ficlent to atop the \conversion reaction,

e e oy s e
e e e Sy i

\

Composition of charges The addltiés%:f sulfur as o catalyst
lowers the temperature et which rapid convorsivn of tho|white phosphorus
is initiated. Although lorger smounts may be used, 1 pX; cent of sulfur .
gives very satisfactory cperation. It is advisablo to odd the sulfur in
the form of the B80-20 phesphorus=sulfur eutectio, which is easily prepared
by dissolving sulfur, prefsrably in lump form; in molton phosphorus under
water at about 60° C,

!
\
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4 . : Filling the lMunition: Because of the high coofficient of
' expansion of phosphorus, the charge of white phosphorus must not exceed
1.55 grams per oubic centimeter of space in the munition. Tlw standard
oharge of white phosphorus in a 1.2 CM shell (total volume 2310 co.) 18
3.50 kge (7.72 1b.); any shells that ocontain more than 3.58 kg. (7.89 1b,)
will be burst by the expansion of 1liquid phosphorus. Tho phosphorus may
' be stored under water immodiatoly prier tojloading into munitions, but
free water must not be acmitted to the runition, :

R N

The woakost part of the filled and sealed munition is the
burstor-well seat. The burater woll should be held in place during the
conversion by a threaded plug, screwed into the nose of the munition and
bearing upon the top of the burater well, ﬁ the munition is to be
quenohed, the plug should be drilled and tapped to reccive a length of

pipe, suitebly 1/L-inch etandard pipe, that serves botg to suspend the

B e T

i

munition in the furmace end to exoclude water fram the burster woll when
the munitian is droppad into the quenchlng tank. Vhilo pdmittance of
water to the burster well probably would not affect the conversion, the
cooling effect of the wntor would complicate_oconsidorably the operation

of any device placed in the burster well to indicate whother comnversiom
had boen obtained in the mumitiem. -~ -

version Without Quenching: Munitions which will withatand
on intornal pressure of GO0 pounds por square inch at 560° C. (1040° F.)
can be placed upright on s conveyor that moves through a furnsoe at 350°
to L,00® C. (660° to T50° F.). Tho speed of ths conveyor should be so
sdjusted that the muniticrd is heated to a temperature not lower than
300° C. (570° P.). A suitable pyrometric oone or a picce of an alloy

that melts at about 500° C. (930° F,) should be placed in the burster
well before the mmition is placed in tho furnace.

e e R e

On vemaval fror the furnace thc munition should be sllowed
to oool to room temperature, tho plug removed from the noss, and the
burster woll inspeoted to deterrnine whether a temporature of at least
500° C. (930° F.) has been resched. Attainment of this temperature,
which is higher than that of tho furnace, is gcod ovidence that the
ocanversion has gone to completion.

—Colvorsion with Quenching: Silver=-soldered rmunitions, suoh as
- the M2A 4.2 CH shell, muct bo quenched during the conversion and should
be suspended from a pipe sttached to a throaded plug which will acrew
into the nose of the mmition. Tho runition should be conveyod through
& furnace at a temporaturo between 325° and 375° C. (620° to 710° F.)
with a quenshing tank undorneath. The mothod of suspension should be
R such that the munition will be released and dropped into the quenching
tank by reloase of tensicn on & wiro soldered to the incido of the
buraster well and passed through the threaded plug and the suspertiing pipe.
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Tho alioy wilth which =he wire is soldercd to the inside of the
burster well should have o melting point of about L00® C. (750° F.). The =
minition should be heato¢ until the conversion rezstion i3 initlated, f
whereupon the temperatire im tho burster woll will rise, the suvlder will !
melt and release the wl.re, thus actuating the release device at the polnt!
of suspengion and dropping the munition into the quenching tank. The
munition aan be removed T'rom tho quonching tunk whem it has cooled
sufficlently to permit hendling. Camplete molting of the solder' ln the

burster well should be anple ovidence that the conversicn has gone to
completion,
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